Objective To investigate the clinical characteristics, diagnostic approaches, short-term efficacy of treatment and prognosis of lymphoma patients presenting with a fever of unknown origin (FUO). Methods We reviewed the records of 132 patients finally diagnosed with lymphoma in Huashan Hospital, half of whom initially presented with a FUO. The other 66 lymphoma patients without a history of FUO were diagnosed within a month when several patients in the FUO group were also diagnosed. Results The patients presenting with a FUO were predominantly young men (71.21%, p=0.35) characterized by a temperature ! 39 (55/66, 83.33%). Compared with the non-FUO group, patients in the FUO group more often had pancytopenia and hypohepatia, 61.54% with hypoalbuminemia (p<0.0001), 15.50% with significantly elevated lactate dehydrogenase (LDH) (p<0.0001), 92.45% with elevated serum β2 microglobulin (p=0.017), 93.48% with elevated urine β2 microglobulin (p=0.002) and 30.77% with elevated alkaline phosphatase (p=0.001). Ninety-four percent of the FUO patients had aggressive lymphomas (p=0.012), with a poor performance status (96.97%, p=0.003), stage III/IV disease (96.97%, p<0.0001), night sweats (21.21%, p=0.026), unexplained weight loss (46.97%, p=0.002) and more than one extranodal site involved (65.15%, p=0.002). The patients in the FUO group also showed poor prognoses, and most of them were in the high-intermediate or high risk classification of the disease (96.61%, p<0.0001), with a low complete remission (CR) rate (61.11% vs. 93.75%, p=0.043). Twenty-one (15.91%) of all the patients were diagnosed based on the finding of lesion sites by Positron Emission Tomography/Computed Tomography (PET/CT) scanning, which had not been detected by conventional scans. Conclusion Lymphoma presenting as FUO has a rapid progression and poor prognosis, and is difficult to diagnose. PET/CT scans can provide complementary information for an etiological diagnosis of a FUO and biopsy examinations are significant to establish an early diagnosis for patients presenting with a FUO.
Introduction
A fever of unknown origin (FUO) was defined by Petersdorf and Beeson in 1961 as a temperature ! 38.3 (101°F) on several occasions, lasting more than 3 weeks, with a diagnosis that remained uncertain after one week of inhospital diagnostic workup (1) . In 1991, Durack and Street modified the initial definition: (i) providing distinctions among classical FUO, nosocomial, neutropenic and Human Immunodeficiency Virus (HIV)-associated FUO, and (ii) no established diagnosis after three outpatient visits or three days (instead of one week) of in-hospital investigation (2) .
The etiological spectrum of FUO is wide, including infections, non-infectious inflammatory diseases (NIID), malignancies and miscellaneous conditions (3) (4) (5) . Non-Hodgkin's lymphoma (NHL) is the main cause of FUO among malignancies, and is associated with greater difficulty in establishing a definite diagnosis of patients with fever compared with infections and NIID (6, 7) . This is partially due to the fact that the clinical features of lymphoma presenting as a FUO have not yet been clearly elucidated. We collected the clinical data of patients presenting with a FUO who were hospitalized in our hospital during the last 12 years who were finally diagnosed with lymphoma, and for comparison, the data from lymphoma patients without a history of FUO who were diagnosed in a month when patients in the FUO group were also diagnosed.
In the present study, we retrospectively explored the clinicopathological characteristics of lymphoma presenting as a FUO, and compared the differences between these patients and conventional lymphoma patients in terms of the clinical features, diagnostic approaches used, and short-term efficacy of treatment. The present report will be useful for physicians coping with the difficulty in diagnosing lymphoma presenting as a FUO in clinical practice.
Materials and Methods

Patient selection
We reviewed the records of 132 patients finally diagnosed with lymphoma according to a pathological diagnosis between April 1998 and January 2011 at our hospital, half of whom fulfilled the criteria for a FUO. The remaining 66 lymphoma patients without a history of FUO were diagnosed during a month when patients in the FUO group were also diagnosed. The pathological diagnosis was made and reviewed according to the World Health Organization (WHO) classification of tumors of hematopoietic and lymphoid tissues (8) .
Data collection
Detailed information about the patients included in the study was collected, including their clinical characteristics (gender, age, fever features, concomitant symptoms, sites of lesions and interventions before diagnosis), results of laboratory tests (complete blood count, liver function, etc.), imaging studies such as B-ultrasonic, CT, magnetic resonance imaging (MRI), or Positron Emission Tomography/Computed Tomography (PET/CT) scans, pathological evaluation methods and short-term efficacy of treatment.
Statistical analyses
The differences between the two groups were analyzed by the chi-square test or Fisher's exact test as appropriate for categorical data, unpaired Student's t-test for continuous variables, and with Fisher exact tests for categorical variables. A value of p<0.05 was consider to indicate statistical significance. All statistical analyses were carried out with the STATA software program (version 10).
Results
Clinical features
Gender and age
We collected the case records of 66 patients initially presenting with a FUO and 66 patients without a history of fever, consisting of 89 men and 43 women. There was no significant difference in the gender composition between the FUO group and the non-FUO group (χ 2 =0.86, p=0.35). The patients in the FUO group were younger at diagnosis (44.39 ± 16.8 vs. 54.8 ± 15.98 years old, t=-3.64, p=0.0004) than those in the non-FUO group, and fewer cases in the former group were older than 60 years (χ 2 =9.78, p=0.002).
Clinical features of patients presenting with a FUO
Most patients in the FUO group had a body temperature ! 39 without signs of regional infection. The type of fever was predominately an irregular fever. The median duration of fever before diagnosis was two months (range 0.7-60 months). Some patients had concomitant chills (Table 1) .
General condition
There were significant differences in the clinical features between patients in the FUO group and the non-FUO group ( Table 2 ). The Eastern Collaborative Oncology Group (ECOG) score was used to measure the performance status (PS) of patients (9) . The staging classification was determined by Ann-Arbor staging. The patients in the FUO group had more aggressive clinical features: a poor performance status, advanced stage, night sweats, unexplained weight loss and hemophagocytic syndrome (HPS), despite their lower age distribution.
Distribution of lesion locations
There were no significant differences in the lesion distribution between the FUO group and the non-FUO group. Nodal and extranodal involvement were prevalent in both groups (χ 2 =3.27, p=0.07) and most patients had superficial lymph nodes enlargement (χ 2 =0.57, p=0.45) and multi-site involvement (χ 2 =0.47, p=0.49). However, compared with the non-FUO group, the frequency of patients with more than one extranodal site was found to be higher in the FUO group (Table 2) .
Lymph node involvement
There was no significant difference between the two groups in the overall distribution of involved lymph nodes (χ 2 =4.20, p=0.65), with both groups having extensive involvement. Forty-six (69.7%) of the patients with a history of FUO had axillary lymph node enlargement and 41 (62.12%) had inguinal lymph node involvement. The mediastinal and retroauricular lymph nodes were less frequently involved.
Extranodal involvement
The spleen, bone marrow and liver were common sites of extranodal involvement in the FUO group, and central nervous system involvement was uncommon (Fig. 2) . Other rare sites included the nasopharynx, gastrointestinal tract, skin/ subcutaneous tissue, adrenal glands, bone, oropharynx, mediastinum, tonsils, thyroid, breasts, shoulder joints, lungs, chest wall, ascites, salivary glands, orbits, testes, parotid glands, kidneys, pericardium, and tongue.
Interventions before diagnosis
Lymphoma presenting as a FUO remains a challenge in clinical practice. In the present study, fifty-one patients (77.27%) in the FUO group were transferred to our hospital for a definite diagnosis and further treatment. Fifty-four (81.82%) of the patients in the FUO group had received empiric antibiotic therapy before the diagnosis, which had included mostly β-lactam and quinolone agents. One of the patients had stopped treatment with the antibiotic drugs because of a drug allergy. Thirty-one patients (46.97%) received adrenocortical hormone and seven patients (10.61%) had received four anti-tuberculosis medications (ethambutol, rifampin, isoniazid, and pyrazinamide) before their diagnoses of lymphoma. Because of the inconspicuous lesion sites and/or difficulty in obtaining a biopsy at the onset of the disease, antibiotic therapy, hormone therapy and antituberculosis treatment, resulting in poor efficacy, were prevalent in the lymphoma patients presenting with a FUO before the definite diagnosis. Lymphoma was ultimately confirmed by the presence of palpable lesions and a local biopsy for pathological examination.
Laboratory evaluations
Compared with the patients in the non-FUO group, those in the FUO group more frequently exhibited cytopenia in one or more hematopoietic cell lineages and hepatic dysfunction, with an elevated serum lactate dehydrogenase level over 1.5-fold the upper limit, increased β2 microglobulin and alkaline phosphatase (Table 4) . Forty-four patients (66.67%) in the FUO group had culture-negative blood test results obtained repeatedly before the definite diagnosis.
Imaging studies
Twenty-one (15.91%) of all of the patients were found to have lesion sites by PET/CT scans, which had not been detected by conventional scanning methods such as type-B ultrasonic, CT and MRI scans, including 13 patients in the FUO group and 8 patients in the non-FUO group. The most common newfound lesion sites were the mediastium (8 patients), lymph nodes in deep locations (5 patients), bones (3 patients), bone marrow (3 patients), lung and hilus pulmonis (3 patients), superficial lymph nodes (2 patients), adrenal glands (2 patients), spleen (2 patients), thyroid (2 patients), and nasopharynx (2 patients). Lesions located in the tonsils, shoulder joints, hypophysis, hip joints, skin/subcutaneous tissue, kidneys, adrenal glands and pericardium were rarer. The median long axis of the enlarged spleen of patients with a FUO and without a FUO was 130 mm (range 102-222 mm) and 116.5 mm (range 102-190 mm), respectively (U= 1.15, p=0.25).
No significant difference was found in the median maximum standard uptake value (SUV) between the FUO group and the non- 
Diagnostic approaches and pathological findings
Among the methods used for puncture and biopsy examinations in all patients, extranodal biopsy had the highest positive rate for a diagnosis (Fig. 1) . The median time between patients noticing lymph node adenopathy and seeking medical attention with a lymph node biopsy was 1.5 months (range 0.23-60 months).
Biopsy site selection
Cervical lymph nodes (χ 2 =0.81, p=0.37) were the most frequently targeted site for lymph node biopsy in the FUO group, followed by inguinal, submaxillary, retroperitoneal, axillary, supratrochlear, and opisthotic lymph nodes, and one unknown site. Forty-eight (72.73%) of the patients in the FUO group underwent bone marrow aspiration, which was significantly higher than the number of patients in the non-FUO group (χ 2 =4.00, p=0.046), while pelvic, adrenal gland and liver aspiration were rarely performed in either group. Lymphoma can involve essentially any organ in the human body. However, the bone marrow (χ 2 =1.69, p=0.19) and skin (χ 2 =0.085, p=0.77) were the preferred extranodal sites to biopsy. Other locations included the nasopharynx, central nervous system, chest wall, pharynx, breasts, salivary glands, tonsils, orbits, thyroid, testes, parotid glands, skin/ subcutaneous tissue, shoulder joints and tongue. Out of the total 132 patients, 28 patients (21.21%) underwent an abdominal laparotomy, which thus led to a definite diagnosis. The most common sites of involvement identified by the laparotomy were the ileocolon (χ 2 =0.12, p=0.73), retroperito- 
Pathological findings
There were 65 cases of NHL and 1 case of Hodgkin's lymphoma in the FUO group. Most of these were categorized as aggressive lymphomas, mainly T/NK-cell lymphomas, including rare pathological categories of subcutaneous panniculitic T-cell lymphoma, angioimmunoblastic T-cell lymphoma and primary cutaneous aggressive epidermotropic cytotoxic T-cell lymphoma. Diffuse large B-cell lymphoma (DLBCL) was predominant in the B-cell lymphomas of the FUO group (Table 5) . DLBCL was also the most common type in the non-FUO group, with there being rarer cases of mantle cell lymphoma, precursor lymphocytic lymphoma and nodal marginal zone lymphoma.
Prognosis
Of the 52 patients in the FUO group who received chemotherapy, 37 patients (71.15%) had abatement of the fever after chemotherapy, which occurred after one day in 22 patients, two days in eight patients, three days in four patients, and after four days in three patients. The international prognostic index (IPI) score for patients in the FUO group was significantly higher than that for patients in the non-FUO group (Table 6 ). Of the patients who received long-term treatment in our hospital, 11 patients in the FUO group reached complete remission (CR) in one year; five died shortly after their diagnoses; one patient relapsed after two rounds of autologous stem cell transplantation, and one patient went into a coma and was no longer administered therapy. Fifteen patients in the non-FUO group reached a CR in one year, with 1 case of death occurring shortly after diagnosis.
Discussion
Fever is a common symptom of lymphoma, and the possible mechanisms underlying this feature may include: (i) an increase of cytokines, such as tumor necrosis factor (TNF)-α, that regulate the fever reaction through the hypothalamus (10); (ii) indirect factors, such as opportunistic infections caused by the immunodeficiency that develops during the course of the disease. We found that patients presenting with a FUO were predominantly young adults; fewer patients were older than 60 years than in the non-FUO group. There was a tendency for the patients to be younger in our cohort compared with previous reports (11, 12) . The median age of patients diagnosed with T/NK-cell NHL and B-cell NHL in Shanghai was reported to be 49 and 58 years, respectively (13) . The prevalence of T/NK-cell lymphomas in the FUO group may have contributed to the tendency for our patients to be younger. The gender of our patients was consistent with those described in previous studies of lymphoma, with a male predominance.
Patients presenting with a FUO often had a high fever at onset and a long duration of fever before diagnosis. The type of fever was frequently irregular, with chills and undefined lesions, which led to difficulty in making a diagnosis and consequently delayed the treatment. Some of the patients had concomitant HPS in our study. HPS is usually associated with NHL, and is referred to as lymphomaassociated hemophagocytic syndrome (LAHS).
It remains a formidable challenge to establish the histological diagnosis of lymphoma presenting as FUO because of the inconspicuous or deep lymphadenopathy at the onset of the disease, despite the recent advances in diagnostic techniques. Imaging provides key information about precise staging to define the local lesion and distant organ involvement. However, conventional techniques only deliver localized information, and the use of total body CT and MRI are not widespread. Previous studies revealed that PET contributed to the etiological diagnosis in 16%-69% of all patients with FUO (14-21), with a positive predictive value of 80%, negative predictive value of 50%, sensitivity of 89%, and specificity of 33% (22) .
In addition, PET/CT scanning plays a complementary role in the etiological diagnosis of FUO (23) . In the absence of palpable lymphadenopathy, PET/CT is valuable for the metabolic assessment of a normal-sized lymph node, which would otherwise be dismissed as normal on conventional imaging (24, 25) . In the present study, 21 patients (15.91%) were found to have lesions by PCT/CT that had been overlooked by conventional imaging examinations such as Bultrasonic, CT and MRI scans. This was especially true for lesions in the mediastium or deep lymph nodes. These results suggest that PET/CT provides a more comprehensive and effective value in disease assessment and staging compared with other imaging examinations, especially when the results of conventional imaging are normal or unable to distinguish benign from malignant lesions (26, 27) .
Extranodal tissue biopsy and lymph node biopsy had higher positive rates than other puncture and biopsy examinations. We found that there was a long time span between when patients noticed lymph node adenopathy and sough medical help, indicating that most patients in our study did not undergo timely biopsy examinations for a definite diagnosis. Therefore, the performance of a lymph node biopsy should be promoted to establish an accurate diagnosis due to its high positive rate and minimal tissue injury, once suspicious lesions are found by imaging studies. Alam (28) and colleagues reported that the diagnostic sensitivity of aspiration cytology for NHL was 95.4%. However, this was not in accordance with our clinical practice. In our study, only 15 patients (68.18%) had a diagnosis clarified by lymph node aspiration, which was not as sensitive as lymph node biopsy (χ 2 =20.06, p<0.0001). The difference may be due to the application of immunohistochemistry, flow cytometry, and molecular studies, such as polymerase chain reaction and fluorescent in situ hybridization, which increased the diagnostic accuracy. Splenomegaly was common in patients with malignant lymphoma, and splenectomy was one of the important measures used to make a final diagnosis. When patients presenting with a FUO have splenomegaly at presentation in the absence of clinically palpable lymphadenopathy, a splenectomy should thus be considered as a pathological examination.
In the study of Wang and colleagues, lymphomas presenting as FUO were primarily B-cell lymphomas. But in our study, the FUO group mainly comprised T/NK-cell lymphomas, in line with the result of Mao's research (9) . In a large scale prospective study in Shanghai, T/NK-cell NHL composed 20.7% of all NHL cases, which was similar to the 26.72% in the present study. However, most of the T/NKcell lymphomas were detected in the patients with a FUO. adult T-cell leukaemia/lymphoma (ATLL) cells can produce IL-6 and IFN-γ, which can cause a fever and activate normal macrophages to secrete TNF-α, which can then exacerbate the fever (29) . This phenomenon of secretion of cytokines may be especially prevalent in T/NK-cell lymphomas, which would explain why the FUO group included mainly T/NKcell lymphomas. Li reported an analysis of nine cases of splenic T-cell and NK-cell lymphomas, of which eight had a fever (30) . Although the spleen is rarely involved in T/NKcell lymphomas, most of the T/NK-cell lymphomas with splenic involvement are detected in the presence of fever. Therefore, we believe that the histological distribution of the lesions in the FUO group not only contributed to the tendency for the patients to be younger than those in previous studies, but also to the high proportion of splenic involvement.
A total of 71.15% of the patients presenting with a FUO were sensitive to chemotherapy, and one-third of them experienced abatement of the fever the first day after chemotherapy. Given the long course of the disease, difficulty in diagnosis, and poor condition at the time of diagnosis, 81.82% of the patients presenting with a FUO had been treated with antibiotics before the diagnosis, which included mostly β-lactam and quinolone agents, 46.97% had received hormone therapy, and 10.61% had received anti-tuberculosis therapy. All medical therapy before the diagnosis resulted in no or limited effects. Our research suggests that antibiotic abuse is widespread in clinical practice, and empiric therapy is not appropriate for patients with a FUO, because it might obscure the diagnosis and cause other complications, such as toxicity and antibiotic resistance.
The lymphoma patients with HPS had poor prognoses. In a study of 52 adult patients, 81% of the patients with LAHS were in poor condition and mainly died of multiple organ failure or disseminated intravascular coagulation (DIC), with a median survival time of only 83 days (31) . HPS is common in patients with T/NK-cell lymphomas, such as the nasal type extranodal NK/T-cell lymphoma and primary cutaneous gamma-delta T-cell lymphoma. Patients with T/NK-cell lymphomas with HPS have a poorer prognosis than those with aggressive B-cell lymphomas (32) (33) (34) . DLBCL and intravascular large B-cell lymphoma are common aggressive B-cell lymphomas associated with HPS (35) (36) (37) . In our study, 15.15% of the patients presenting with a FUO also had HPS, including two cases of DLBCL, two of anaplastic large cell lymphoma, one of primary cutaneous aggressive epidermotropic cytotoxic T-cell lymphoma, one of angioimmunoblastic T-cell lymphoma and four cases that were unclassified. Twenty percent of these patients died, and none achieved a CR after chemotherapy. In order to make a diagnosis without delay and give appropriate treatment to patients presenting with a FUO, prompt performance of imaging studies, and puncture and biopsy examinations, should be encouraged.
Compared with lymphoma patients in the non-FUO group, the patients presenting with a FUO frequently showed a larger tumor burden, more rapid progression and poorer prognosis as assessed by the IPI score (38) . A total of 94% of the patients in the FUO group had aggressive lymphomas, and showed more aggressive clinical features, including a poor PS, advanced stage, systemic symptoms (night sweats, unexplained weight loss), more than one extranodal lesion site, and HPS. The presence of symptoms (fever, night sweats and weight loss) is a negative prognostic factor in patients with Hodgkin's lymphoma. The relevance of these B symptoms in patients with non-Hodgkin's lymphoma is less clear, but the symptoms tend to be related to more widespread or higher histological grade disease. Several previous large scale studies showed that hypoalbuminemia, elevation of serum β2 microglobulin (39, 40) and an elevated LDH level were important prognostic factors for lymphoma with a FUO (41, 42) . Increased alkaline phosphatase activity can be an indirect indicator of progression and a poor prognosis of lymphoma (43) . In our study, the laboratory evaluations of patients presenting with a FUO showed significant abnormalities in the levels of LDH, β2 microglobulin and alkaline phosphatase, often associated with hypoalbuminemia. The FUO group showed a lower CR rate than the non-FUO group. Out of the six patients presenting with a FUO who died of the disease, five had progressive pancytopenia and four had hypohepatia, consistent with the conclusion of a previous study that progressive pancytopenia and hypohepatia indicate a poor prognosis of lymphoma (11) . It is regrettable that, due to the retrospective nature of the study, we cannot provide information about the overall survival (OS) and progression free survival (PFS) of the patients to reveal the prognosis of lymphoma patients presenting with a FUO due to the loss of patients to follow-up. Long-term observations of survival are still needed.
Chihara (44) and colleagues revealed that a high SUVmax value was a significant poor prognostic factor for both PFS and OS in DLBCL, independent of the IPI. We found that the SUVmax value of T/NK-cell lymphomas was lower than that of aggressive B-cell lymphomas, despite the higher metabolic activity. Another study demonstrated that NK-cell lymphomas have a great deal of coagulative necrosis and inflammatory components, and that they show a relatively slower tumor growth rate compared with aggressive B-cell lymphomas (45) . A SUVmax >10 is considered to be a poor prognostic factor for tumors with an aggressive histology (46) . However, in our study, the SUVmax did not reflect an aggressive histology, which might be related to the different pathological composition of the different patient cohorts. The correlation between the SUVmax and aggressive histology needs to be confirmed in additional large scale studies.
In conclusion, a rapid progression, a difficult diagnosis, and a poor prognosis are all significant clinical features of lymphomas presenting as a FUO, compared with lymphomas without a FUO. PET/CT scanning is a viable tool for patients presenting with a FUO with repeated negative blood culture and no clear infected lesions. The present study should therefore remind physicians that a timely biopsy examination should be considered to clarify the diagnosis and lay a foundation for appropriate treatment in such cases.
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